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Abstract The method developed by Wyatt and White (1977) was applied to calculate the intrin- 
sic rates of increase for parasitoids based on 23 fecundity data sets from the literature. The studies show- 
ed that there existed the linear relationship between the accurate values of r, and In ( Mj) ¿Z d or In 
(Maz) Z d, that is, 1) r,— 0.845 In (M4) / d or 2) r,— 0.880 In (Mj; d. Where d is 
the prereproduetive time, Af, is the number of female offspring produced per original female from the 

` first to the d'bday of reproduction, and M,,, is the number of female offspring produced per original 
female from the first to the (d/ 2) * day of reproduction. These equations can provide the accurate 
estimates of r, for parasitoids in this study. The Spproach is advantageous because it docs not require 
the construction of detailed fecundity tables for estimating parasitoid rates of increase. Of course, 
whether these equations are appropriate for the other taxa will need to be further studied. 
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Introduction 


The intrinsic rate of increase, rm» is one of the most important biological 
parameters of parasitoids against pest insects. In the past, the calculation of r, val. 
ues for parasitoids was based on the accurate or the approximate methods of Birch 
(1948) . These methods deal with not only complex calculation, but also detailed in- 
formation on fecundity. The detailed fecundity tables for parasitoids are often difficult 
and time—consuming to compile. Therefore, it is necessary to develop a simple meth. 
od for determining r, of parasitoids. 
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Howe (1953), Laughlin (1965), and: Wyatt and White (1977) have all devel. 
oped methods for calculating rm» however, the one developed by Wyatt and White 
(1977) is the most simple. To date, this calculation has only been used for species of 
aphids and mites and has not been tried for other insects such as parasitoids. Because 
of the importance of r, in biocontrol studies, our objective was to expand the meth- 
od of Wyatt and White (1977) to obtain a simple, yet accurate, method for calcula- 
ting the r,, value of insect parasitoids. 


Methods 
Wyatt et al. (1977) developed the following equation to calculate the r, value 


for aphids and mites: 
Fm = ¢ ln (M a) /d (1) 


where d is the prereproductive time from birth to the first day of reproduction, c is a 
correction constant, and M, is the effective fecundity calculated by: 


2J—1 2d—1 


Ma = 3 l,m, = X £, / Mo (2) 


x=ú x= 


In equation 2. x represents age, N, is the original number of female, 1, is the 
age—specific survival rate, m, is the age—specific fecundity for the mean number of fe- 
male offspring produced per unit time by a female aged x. and f, is the number of fe- 
male offspring produced at age x . In practice, M, is the number of female offspring 
produced by each original female in the period 2d. Equation 1 and 2 show that a 
fecundity table is not needed to calculate the value of r, because this value is based 
on the parameters d, f, and No. | 

Studies by Wyatt and White (1977) and Gerson (1983) suggested that the 
best correction constant in equation 1 was ca, 0.74 for aphids and mites. Because of 
differences in the biology and ecology of aphids and mites compared to parasitoids, 
we anticipated that a different correction factor would be needed. Thus, in order to 
determine the most appropriate value of c for. parasitoids, we regressed r, . calcu- 
lated by the accurate method of Birch (1948). on the factor In (My) / d and In 
(M,,3) Zd, respectively. f 

The factor In (M,,;) / d was introduced in order to shorten the required time 
for observing daily fecundity. By reducing the required reproductive period, we could 
derive the following equation from equation 1: 


ras = C ln (Maz) /d (3) 





where Ma; is the number of female offspring produced by each original female in d+ 
(d/2) days. This means that equation 2 becomes: 


4d/2—1 dta/2-1 
Maza = > l.m,= Y f, / No (4) 
x-0 x =6 F 


The degree to which equation 3 and 4 will be appropriate in calculating r, 
for parasitoid populations will depend on how parasitoids distribute their reproductive 
output overtime compared to aphids and mites. Equation 1 was developed based 
on the observation that 95% of the reproductive output which contributes to rm 
epuld be achieved in about 2d (DeLoach, 1974; Wyatt and White, 1977) .The val- 
ues of r, and reproductive contribution to r, in specific period were calculated by 
the metheds of Birch (1948) . That is, 


x exp (—raX) hm, = 1 (5) 

rma = In (Ro) ZT (6) 

Ca (%) = 5 [L exp (~raX) lms] x 100%} (7) 
| ataza a | 

Ca; (A) = > {l exp (—raX) lem, ]x 100%} (8) 


where r, is the intrinsic rate ef increase; R, is the net reproduction rate; T is the 
mean generation time; C, is the percentage of reproduction contribution to the 
ry, from the first reproduction to the d^ day; Ca, is the percentage of reproduc- 
tion contribution to the r, from the first reproduction to (d / 2)" day. 


Results 


Regression analysis of r,, values caleulated by the accurate method of Birch 
(that is, equation 5) with respect to in (Ma) / d and In (M4,/2) /d produced 
the following equations, respectively: 

rm = 0.845 In (Ma) /d (9) 


fm = 0.880 In (Mazz) /d (10) 
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Correlation coefficients of 0.999 (p (0.001) and 1.000 (p <0.001), respectively, 
were obtained between each r, value and thatcalculated by the accurate method of 
Birch. Thus, the correction constant (c) in equation 1 was 0.845 for r,, calculated 
with M, and 0.880 in equation 3 for r, calculated using the shorter reproductive pe- 
riod Mui, . 

Based on the fecundity data from the literature, the parameters M, , M,;,;, 
Ca , and Ca; were calculated using equation 2, 4, 7, and 8, respectively (Table 
1) . The results showed that the reproductive contribution to r, from the first to the 
d day of reproduction is 100% in thirteen cases, > 99% in nine cases, and 95.84% 
in one case. These results are similar to those obtained by Wyatt and White (1977) 
and suggested that the distribution of reproduction for parasitoids is the same as that 
for aphids. It is also apparent that the period from the first to the d day of repro- 
duction has such a significant effect on the resulting 7,, value that any further repro- 
duction can be ignored. Thus, reproduction after 2 d can be considered negligible and 
Ro can be substituted by M, according to equation 2 and let T-d / ç in the approxi- 
mate method of Birch (see equation 6) (Kuang ef al. , 1992) . This will result in 
the same equation as that developed by Wyatt and White (equation 1) . The correc- 
tion constant (c) in this equation is 0.845 for parasitoids (see equation 9) . 





^ 25 0.30 06.36 


— s 
rm from rm 0.845 In(M0);d 


Qas C 
Ë= ; Fig.1 Regression of the acourate 
T values of rm on the approximate 
E i values of rm 
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rm from rm=0.880 In(Md/2)/d 
Similarly, the data in Table 1 showed that reproduction from the first to 
(d/2) " day of reproduction contributes a large percentage to the r, values (95% 
in fourteen cases; >) 90% in six cases; and > 82% in three cases) , In this case, R, 
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will be replaced by Masa and T will become (d/ 2) /c. The similar equation, 
ra= cln (M4,; Zd (where c’= 2c), will result. The correction constant (c?) in 
this equation is 0.880 for parasitoids. 

When the values of fa calculated by Birch's accurate method (equation 5) 
were repressed on those derived from Birch’s approximate method (equation 6), and 
equation 9 and equation 10, without constant item, respectively, the result sug- 
gested that equation 9 and equation 10 were more accurate than the approximate 
equation of Birch (equation 6) in their estimation ofr, with the closest estimate of 
Birch’s accurate r, being obtained using equation 5 (Fig. 1 a, band c) . 


Discussions 


1. The estimation of ra using equation 9 and 10 was based on the linear relation- 
ship between the accurate value of r, by Birch’s method and the factor In (M4) /d 
or In (M,,;) / d. This is very similar to the cases studied by Wyatt and White. In 
our cases, correction constants were larger than 0.74, perhaps because parasitoids 
have longer period of reproduction in comparison with aphids and mites. 

2. Equation 9 and 10 can provide the accurate estimate of r, for all data in this 
study. This seems to show that the method developed by Wyatt and White can be ap- 
plied to the estimation of r, for parasitoids or the other with the minor changes 
of correction constant (c) . 

3. On the other hand. equation 9 and 10 do not require the fecundity tables 
when they are used in calculating r, values. When the parameters d, Ma or Mao 
are known, the r, can be estimated. 
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